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: Modular Voltage Regulator

Modular Voltage Regulator
ABSTRACT
A large, monolithic voltage regulator module placed under an application specific
integrated circuit (ASIC), e.g., on the bottom side of its printed circuit board (PCB) in a vertical
power delivery configuration, can be subject to mechanical stress, creating long-term reliability
problems and making socketed ASICs infeasible. This disclosure describes a modular voltage
regulator, which is such that constituent modules of the voltage regulator can be placed at
convenient locations below a PCB, enabling power delivery to the precise locations needed by
the ASIC. The modular voltage regulator enables flexibility in design choices, reduces
mechanical stress, supports multiple power rails, can deliver power to non-rectangular circuit
blocks or areas, reduces re-work, improves yield, and is cheaper to replace.
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BACKGROUND

Fig. 1: A monolithic, voltage regulator placed in vertical power delivery configuration
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Fig. 1 illustrates a monolithic voltage regulator (VR) module supplying an application
specific integrated circuit (ASIC), with both ASIC and VR mounted on a printed circuit board
(PCB). When placed in vertical power delivery configuration, e.g., with the VR directly below
and on the side of the PCB opposite the ASIC, I2R (power) losses and IR (voltage) drop are
reduced, while transient response is improved, e.g., voltage droop is reduced.
However, a large, monolithic, voltage-regulator module placed under an ASIC, e.g., on
the bottom side of its PCB in a vertical power delivery configuration, can be subject to
mechanical stress (package warpage, die cracks, PCB voids/delamination, silicon cracking, etc.),
leading to long-term reliability problems and making socketed ASICs infeasible.

Fig. 2: Power domains in a PCB. The colors (green, blue, orange, red) represent power
requirements at different voltages. Footprints of the monolithic VR module and the ASIC
die are as shown.
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Additionally, due to its size and monolithic character, design decisions relating to module
size and position, once made, cannot be easily changed to accommodate changes in ASIC powerdelivery locations. For example, as illustrated in Fig. 2, which shows the ball-grid array (BGA)
footprint of the ASIC and VR module on the PCB, the ASIC requires power at four different
voltage levels indicated by the colors green, blue, orange, red. Once the monolithic VR module
is designed, voltages at its power-delivery locations cannot be changed without significant rework. The inflexibility of monolithic VR to accommodate changes in ASIC design forces the
premature freezing of ASIC design in the engineering cycle. A monolithic VR cannot support
more than a limited number of power rails, and it cannot deliver power to non-rectangular circuit
block areas. A monolithic module is relatively expensive to replace, requiring removal of the
ASIC, a reflow procedure, and replacement of the entire VR module even in the event of only a
small internal failure.
DESCRIPTION
This disclosure describes a modular voltage regulator, which is such that constituent
modules of the voltage regulator can be placed at convenient locations below a PCB, enabling
power delivery to the precise locations needed by the ASIC. The modular voltage regulator
enables flexibility in design choices, reduces mechanical stress, supports multiple power rails,
can deliver power to non-rectangular circuit blocks or areas, reduces re-work, improves yield,
and is cheaper to replace.
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Fig. 3: Modular voltage regulator (Compare with Fig. 1)
A modular voltage regulator is described herein. As illustrated in Fig. 3, individual
voltage regulator units, e.g., voltage regulator modules A, B, C, are placed under the ASIC on
the bottom side of its printed circuit board (PCB). The voltage regulator modules can potentially
deliver distinct voltages, e.g., Vaa, Vbb, Vcc, thereby enabling multiple power domains. The
smaller size of the constituent voltage regulators substantially reduces mechanical stress.

Fig. 4: A modular voltage regulator can supply power at distinct voltages to nonrectangular circuit block areas (Compare with Fig. 2)
As illustrated in Fig. 4, the constituent modules of a modular VR can be arranged in
virtually any pattern (for example, the orange power domain in Fig. 4 is in an L-shaped pattern),
enabling multiple power domains and supporting easy re-work and.
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Fig. 5: Electrical connections between the constituents of the modular voltage regulator
Fig. 5 illustrates electrical connections between the constituents of the modular voltage
regulator. As illustrated, routing of signals, e.g., input voltage, control signals, etc., among
multiple individual voltage regulator modules can be done using flexible cables, push-pins,
through-side connections, etc. For example, in Fig. 5(a), which is a perspective view of two VR
modules (502a-b), electrical connectivity is provided using through-side copper traces (504a-b)
on the surface of the VR modules, enabling self-assembling interconnections between modules.
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As another example, in Fig. 5(b), which is a cross-sectional view of two VR modules
(506a-b), the intra-module connection (508) can be, e.g., flexible cables, push-pins, etc. In Fig.
5(c), which is a top view of VR modules (510a-c), the modules can be connected using rigid or
flexible connection cables, push-pins, etc. (512). Similar types of connectors can be used to
connect the controller module (on the PCB) to the onboard main connector, to connect and
distribute to the VR modules control signals, input signals, output signals, etc. Alternatively,
each VR module can have a dedicated controller, e.g., VR modules can be configured in a gang
mode. Gaps between VR modules can be of varying width depending on design requirements
and can be eliminated as necessary.
In this manner, the described modular voltage regulator provides flexibility to
accommodate design changes, including changes in floor plan, peak current, number of power
rails, die size, splitting or merging of rail configurations, etc. It also supports changes that occur
relatively late in the design cycle. The modular voltage regulator experiences less mechanical
stress and provides greater long-term reliability. It can support multiple power rails, including
smaller ones inside the module such as always-on (AON) power rails. It can deliver power to
non-rectangular, e.g., L-shaped, donut-shaped, etc. locations; it is cheaper to replace since
replacement does not require removal of ASIC; and has improved yield as individual modules
can be tested beforehand.
Vertical power delivery is able to overcome large power losses compared to
conventional, e.g., lateral, power delivery. The described modular voltage regulator can be used
in data centers, servers, mobile devices, automotive electronics, graphical processing units
(GPUs), artificial-intelligence ASICs, etc.
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CONCLUSION
This disclosure describes a modular voltage regulator, which is such that constituent
modules of the voltage regulator can be placed at convenient locations below a PCB, enabling
power delivery to the precise locations needed by the ASIC. The modular voltage regulator
enables flexibility in design choices, reduces mechanical stress, supports multiple power rails,
can deliver power to non-rectangular circuit blocks or areas, reduces re-work, improves yield,
and is cheaper to replace.
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